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President-Professor CHARLES WELLS [March 23, 1950] Streptomycin in Urinary Tuberculosis By ARTHUR JACOBS, F.R.F.P.S.G., and WALTER M. BORTHWICK, Ch.M. THE object of this communication is to present some of the results obtained so far in a controlled trial of streptomycin therapy for tuberculous disease of the urinary tract. This investigation commenced at Robroyston Hospital, Glasgow, fifteen months ago under the auspices of the Tuberculosis Research Unit of the Medical Research Council and still continues. To date ninety patients have been studied. Selection of the cases for streptomycin treatment is made from a sequence of numbers taken from a statistically prepared list kept at the M.R.C. office where the name, age, sex and category of each patient is sent. Streptomycin has been given to 46 patients and 44 have been used as control cases. It was decided at the outset to group the patients into five categories. Group 1: Unilateral renal tuberculosis minor lesion without cystitis. Group 2: Unilateral renal tuberculosis-major lesion necessitating nephrectomy: cystitis.
Group 3: Bilateral renal tuberculosis-nephrectomy tor the more advanced lesion.
Group 4: Tuberculosis occurring in the remaining kidney subsequent to nephrectomy for unilateral disease. Group 5: (a) Major bilateral tuberculous lesions.
(b) Minor bilateral tuberculous lesions. These categories comprise all varieties of renal tuberculosis excepting those suffering from tubercle bacilluria without a demonstrable renal lesion and those with unilateral lesions who become tubercle negative after nephrectomy. ft was considered that it would not be possible to draw any conclusions, at least for many years, from the tubercle bacilluria group where no clinical lesions were demonstrated. It was also considered unjustifiable to withhold nephrectomy from patients with established clinical unilateral lesions and that no satisfactory information would be obtained by treating such patients with streptomycin if nephrectomy rendered them tubercle negative. A continuing residual cystitis with a tubercle positive urine however, places these patients in Group 2. Genital disease has not been studied unless it has happened to be coincidentally present.
The routine investigation carried out on every patient, whether treated by streptomycin or a control, is as follows. A tubercle positive urine is confirmed by direct smear, guineapig inoculation and culture. The separate kidney urines are similarly examined where their collection is possible. These tests are made before commencing treatment, on occasions during treatment, one month after completion of treatment and at two-monthly intervals during the follow-up which still continues. Cystoscopic and pyelographic (excretory and retrograde) examinations are likewise made before and after treatment. Intravenous urography by itself is inadequate for the demonstration of early lesions. Tests for streptomycin resistance are routine and assays of streptomycin levels in the blood are carried out. Observations on toxic effects with particular reference to vestibular damage are also made. It will be appreciated that an invesitgation of this nature entails a magnitude of work which is only possible by the combined efforts of an organized team.1
The patients treated by streptomycin are given I gramme daily in two intramuscular injections for ninety days. Controls and streptomycin-treated patients receive similar general medical treatment; tuberculin is not given to either set of cases.
Results.-In this preliminary report we are limiting our observations to the effects of the therapy on the urinary tract as ascertained by repeated bacteriological assays and by preliminary and follow-up cystoscopic and pyelographic examinations. GROUP 1.-It is required of patients placed in this group that the lesion be a small one, yet demonstrable by pyelogram and that no appreciable clinical or cystoscopic bladder changes should have taken place. It was considered that this group would offer particularly favourable scope for observing the effects of streptomycin. A total of 15 patients were classified as belonging to Group 1 and of these 7 received streptomycin and 8 were control cases.
Streptomycin cases.-Of the 7 patients treated by streptomycin, 6 became tubercle negative during treatment. One month after the cessation of treatment, one of these 6 had reverted to tubercle positive; three months after treatment another had reverted and in six months still another had become tubercle positive. Thus in a period of six months after the termination of treatment, 3 of the 6 cases which had first been converted to a tubercle negative phase, reverted to a tubercle positive one. It was noted that the 3 showing this favourable response had minimal pyelographic changes. In fact, if one had not been aware of a tubercle positive urine the pyelograms alone would not have sufficed for the diagnosis of a renal tuberculous focus.
The urine of the contralateral kidney became tubercle positive during or after treatment in 3 of the 7 patients and one developed cystitis. With regard to pyelographic changes, it was found that in one case the lesion had increased, whilst in one other the cavity tended to become shut off. The following is an account of the latter case: A. S., male, aged 44. Group 1 This patient was admitted to hospital with a tuberculous elbow joint and found to have pyuria with a tubercle positive urine though without symptoms referable to the urinary tract. The bladder was of normal capacity and no cystoscopic changes were apparent. On pyelography the moth-eaten appearances of the upper calyces of the right kidney indicated a localized ulcero-cavemous lesion (Fig. 1 ). The urine from the right kidney was tubercle positive. The pyelographic appearances of the left kidney were normal and its urine was tubercle negative. has apparently become shut off.
Streptomycin treatment was commenced on March 21, 1949, and completed on June 18. One month later, retrograde pyelography indicated that the lesion had become shut off (Fig. 2) . The pyuria had cleared and both kidney urines were tubercle negative on animal inoculation. The bladder urine was, however, positive. Four months later, pyelography showed the cavity in the upper pole still shut off but the kidney urine had reverted to a tubercle positive one (Fig. 3 ). There was no deterioration in the bladder, the elbow-joint lesion showed marked improvement, he had gained weight and the vestibular function was normnal. Now, eight months after cessation of treatment, the left kidney urine as well as the right is tubercle positive and the pyelogram suggests the appearance of -a lesion connecting with the upper calyx of the left kidney. The appearances on the right side are as before (Fig. 4) .
It is apparent that the infundibular opening into the upper group of calyces of the right kidney has become constricted but not completely occluded and that the tuberculous focus itself has remained -active. Treatment has not prevented the appearance of a tubercle positive urine in the contralateral kidney.
'Control cases.-Conversion of the urine to tubercle negative occurred in only one patient, the total period of observation in this instance being three months. The urine of the contralateral kidney became tubercle positive during the period of observation in 2 of the 8 patients, while 4 developed cystitis. A deterioration of the lesion as shown by pyelograms was manifest in 4 instances. These results are summarized in Table I .
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Section of Urology 455 -In Group 2 were the patients who suffered from a unilateral renal lesion with associated cystitis. Each patient had the tuberculous kidney removed soon after the initial investigation had been completed and the operative procedure was always the same, being that of nephrectomy without ureterectomy.
Up to the present 25 patients in this group have completed a stav in hospital exceeding four months, so that each case has had at least one examination after the standard period of ninety days, whether that period was passed as a control or was spent under active treatment by streptomycin. In ten instances the follow-up examinations have been carried out more than six months after the observation period. Fourteen of the 25 patients were treated by streptomycin and 11 were control cases.
Streptomycin cases.-Of the 14 who had streptomycin, 5 were females and 9 were males. Conversion of the urine from positive to negative occurred in 12 and so far no reversion has taken place. The conversion was found in all these patients one month after the completion of the treatment and has persisted for three months in 3 and for six months in 1, and in 4 patients no tubercle bacilli have been detected in the urine during the eight months which have elapsed since the streptomycin treatment was discontinued. In the 2 patients who did not have a conversion of the urine, the tubercle bacilli have persisted for one and three months respectively after the cessation of treatment. The focus in the right kidney is treatment. The communication with the cavity discernible but remains occluded, in the upper calyx is still constricted. There is now evidence of an early lesion connecting with the upper calyces in the left kidney. Cystitis was present in each of the 14 patients who received streptomycin and examination after treatment showed definite signs 'of improvement in 11I instances. In one other case the bladder mucosa was unchanged and in 2 cases of severe cystitis marked contracture of the bladder occurred soon after the start of treatment and cannot be interpreted other than as a worsening of the clinical state. This contracture persisted after the course of streptomycin was finished and was so marked that the patients were considered to be in need of transplantation of the ureter into the bowel. Of the 11I patients whose bladder condition improved the initial examination had shown slight cystitis in 5, moderate cystitis in 5 and severe cystitis in 1. The bladder mucosa became normal in appearance in 9 instances, 5 of which had previously shown slight cystitis and 4 moderate cystitis. In the 2 patients who did not have a conversion of the urine, the bladder mucosa was unchanged in 1 and greatly improved in the other.
None of the 14 patients has up to the present developed disease of the remaining kidney.
Control cases.-The 1 I patients in this group, 5 females and 6 males, did not have streptomycin treatment for renal tuberculosis. The only one who received streptomycin was a man 456 Proceedings of the Royal Society of Medicine 22 who developed tuberculous meningitis and miliary pulmonary spread soon after the observation period started, but treatment was unsuccessful.
In the 10 remaining patients the initial examination showed the cystitis to be slight in 3, moderate in 3 and severe in 4. Conversion of the urine occurred in 2 of the 10 and has remained so for six and eleven months respectively. Both patients had an initial slight cystitis. Tubercle bacilli persisted in the urine of 8 cases, in 7 of which the cystitis was unchanged. The remaining person showed some worsening of the slight bladder disease.
In 2 of the 10 patients the remaining kidney became tuberculous during the period of observation. One of these patients died of urimia after refusing any form of treatment. These results are summarized in Table II . The number showing conversion of the urine seems to be significant in this group of streptomycin-treated patients, but the numbers are too small to comment on protection of the remaining kidney. Improvement of cystitis can also be expected in the majority of cases, although it appears that in patients with a greatly reduced bladder capacity and severe cystitis, one must be prepared for a marked aggravation of micturition which may persist after the cessation of streptomycin. A graph showing the diurnal and nocturnal frequency of micturition in the 2 patients who had contracture of the bladder rose sharply soon after the start of treatment, and the following case is worthy of note. M. A., female, aged 24. Group 2
This girl had a right nephro-ureterectomy in Robroyston Hospital in December 1947. She was readmitted at the end of 1948, because of a persistently positive bladder urine. Examination in January 1949 showed a bladder capacity of 14 oz. and a shallow elongated ulcer between the ureteric orifices. The urine from the left kidney was negative and normal pyelograms were obtained. She was placed in Group 2 and she became a control case.
Repeated examinations showed that by August the bladder capacity had been reduced to 8 oz. but by October some improvement was noted. On October 14, 1949, a course of streptomycin was started outwith the controlled investigation. Almost immediately, frequency of micturition was greatly intensified, occurring at 15 to 20 minute intervals. Both vestibular nerves were damaged after one month and the drug was stopped after two months. One month after the cessation of treatment, the patient felt well and was able to walk during the day without unsteadiness, compensating for vestibular dysfunction by vision. Urination was necessary every 15 minutes but the bladder urine did not contain tubercle bacilli. Urographic examination showed a contracted bladder and consequent back pressure dilatation in the ureter and renal pelvis of the remaining kidney ( Fig. 5 ). Transplantation of the ureter into the pelvic colon was therefore carried out.
In this case, streptomycin was followed by severe contracture of the bladder and gross vestibular damage. On the other hand, the bladder urine did not contain tubercle bacilli.
FIG. 5 (Case M. A.). Retrograde cystogram made two years and three months after a right nephro-ureterectomy and one month after completing a course of streptomycin treatment. The pyelo-ureterogram, obtained as a result of regurgitation of the radio-opaque fluid from the bladder, shows moderate dilatation. This is due to back pressure, the kidney being uninfected.
GROuP 3. Patients in this group suffered from bilateral renal tuberculosis with the disesae more advanced on one side indicating, in our opinion, removal of that kidney. The operation was the same in all cases being that of nephrectomy without ureterectomy. 12 patients, Streptomycin cases.-Consideration of the 6 patients who had a course of streptomycin showed that conversion of the bladder urine from positive to negative for tubercle bacilli occurred in 3 instances and conversion of the solitary remaining kidney urine in 4 instances.
The 3 negative bladder results have persisted for eight, nine, and ten months respectively, while the patient with the negative kidney and positive bladder urines has been examined at one, two and four monthly intervals since the cessation of the treatment.
Originally the remaining kidney lesion was not obvious pyelographically in 3 instances, was visible as a small lesion in 2 and as a moderate lesion in the remaining 1. Follow-up renal examinations showed that there was no alteration in the 3 normal looking kidneys, that a small lesion had apparently disappeared in 1, a small lesion was unchanged in I and that the moderate lesion had shown deterioration.
All 6 patients had visible cystitis before treatment and improvement after treatment was noted in 5 while the sixth was unchanged. The improvement amounted to a clearing of the bladder mucosa in 1 with previous slight cystitis, to slight from moderate cystitis in 4, while the 1 patient with severe bladder involvement showed no change after treatment.
Control cases.-In the 6 patients who did not have streptomycin there was no example of urine conversion. In all cases the bladder and remaining kidney urine specimens showed tubercle bacilli for a period varying from four to eight months.
At the beginning of the control period the remaining kidney lesions were visible by pyelography in 4 instances but could not be seen in 2. The lesions were all small and on reexamination it was found that in 2 cases an initial small focus had deteriorated and in 1 case where no lesion had been visible there now appeared a filling defect in the upper pole of the kidney. No alteration was noticeable in the remaining 3 patients.
Cystitis was classified as slight in 4 patients, moderate in 1 and severe in 1, before the observation period started. In the most recent examination, four to eight months afterwards, the cystitis was found to be worse in 3, unchanged in 2 and slightly improved in 1. These results are summarized in Table IIf.   TABLE III.-GROUP 3  Conversion of urine  Cystitis  Kidney lesion No.
Bladder Kidney Improved Worsened Unchanged Improved Worsened Unchanged S.6 .. Conversion of the urine in this group is also significant, although it probably depends to a great extent on the severity of the remaining kidney lesion and to a lesser extent on the degree of cystitis. What seems to be important is the fact that the conversions of the urine have persisted up to the present, although a prolonged follow-up will be necessary. It should be noted, however, that the conversion occurred in patients with a small lesion in the remaining kidney. In one case with a moderate kidney focus the disease worsened and the separate urinary specimens contained tubercle bacilli.
Again the findings indicate that an improvement in the cystitis can be expected in the great majority of patients. The disappearance of an obvious kidney focus seems an unlikely occurrence. M. O., female, aged 22. Group 3 This patient had her left kidney removed in November 1948 after a previous examination had shown bilateral renal tuberculosis with the disease more marked on the left side. Excretion pyelography demonstrated the right kidney as a series of dilated calyces with a distended pelvis. On retrograde pyelography the calyces, pelvis and ureter were seen to be dilated. These changes were considered to be due to back pressure. The bladder capacity was under 7 oz. and the cystitis was noted as severe.
She also suffered from chronic bilateral pulmonary tuberculosis and investigation before streptomycin showed almost total destruction of the epiglottis with swelling of the right artytenoid and ulceration of the left ventricular band. These conditions were symptom-free and were considered to be compatible with a tuberculous process of long duration.
Streptomycin was started on December 6, 1948, and stopped on March 6, 1949.
Re-examinations were carried out one, five and seven months after treatment. Catheterization of the right ureter was never possible after the initial examination but on these examinations the bladder urine was persistently positive for tubercle bacilli. Excretion pyelography showed a worsening of the kidney lesion although there was slight improvement in the cystitis.
Streptomycin, in this case, did not prevent deterioration of a kidney lesion and it did not convert the urine. There was, however, slight improvement in the cystitis, marked improvement in the general condition and disappearance of the laryngeal ulceration. W. McM., male, aged 19. Groups 1 and 3 Admitted with a left epididymitis and no urological symptoms, this boy was found to have a tubercle positive urine. Investigation showed that he had a filling defect in the upper calyx of the left kidney, the urine from which contained tubercle bacilli. There was no cystitis and the patient was placed in Group 1. He was designated as a control case.
Six months later there was slight cystitis and the urine specimens from the bladder, right and left kidneys were all positive. As his primary control period was finished and he now qualified as a Group 3 case, his name was again submitted for consideration. Again he was a control case. Nephrectomy was carried out on the left side. Four months later, at the end of the control period, the bladder and right kidney urines still contained tubercle bacilli and the cystitis showed some worsening.
This patient is now having streptomycin and para-aminosalicylic acid but it is too early to assess the result.
This is probably a case in which many would give streptomycin while careful watch was kept on the urological condition, ready to step in at any time and remove the left kidney. GROUP 4.-Six patients, 5 males and 1 female, were assessed as complying with the standards of Group 4. This group contained those patients who developed disease in the remaining kidney after a previous nephrectomy for renal tuberculosis. 4 of these patients received streptomycin.
Streptomycin cases.-The 4 patients who were treated with streptomycin all had severe cystitis and advanced disease of the surviving kidney. One man developed uraemia a fortnight after the onset of treatment and died within a week. In 2 of the remaining 3, frequency of micturition was aggravated during the course of streptomycin, being sufficiently severe in one to necessitate transplantation of the ureter, while in the third patient there was some improvement in the frequency of micturition.
In only 1 of the 3 cases has the urine shown conversion. That case, in which the ureter was transplanted, has remained negative up to the present, two months since the cessation of streptomycin. The specimen of urine from the divided ureter at operation failed to show tubercle bacilli.
The pyelographic appearances in all 3 have remained unchanged.
Control cases.-The 2 men who did not have streptomycin elected to discharge themselves from hospital. Both had ulcerocavernous disease of the single kidney with associated severe cystitis. Out-patient follow-up, many months after the first examination, showed marked deterioration of the renal and bladder conditions and the urine still contained numerous tubercle bacilli. These results are summarized in Table IV . Bladder Kidney Improved Worsened Unchanged Improved Worsened Unchanged S.4 ..
S=Streptomycin C=Control Tuberculosis of the solitary remaining kidney was advanced in the cases under review and apart from slight improvement in the cystitis of one treated by streptomycin no changes were noteworthy. Aggravation of an already severe cystitis was again noted.
It appears that in this type of case, no lasting improvement can be expected with streptomycin and taking into account possible toxic effects, many may consider it inadvisable to give the drug.
GROUP 5.-At the beginning of the investigation it was decided to subdivide Group 5 into two, 5A and 5B. Patients suitable for SA had major bilateral renal lesions for which no active measures were considered possible, while those eligible for SB had small bilateral lesions of a minimal nature but lesions which could be seen on pyelograms. In that way patients with tubercle bacilluria were excluded. The number of patients who came under observation with bilateral minimal disease was very small and later the subdivision was abandoned. For interest, however, 3 patients in this subdivision will be included in the results.
The number admitted to Group 5 more than four months ago was 16. 8 of these patients, 3 female and 5 males, were given a course of streptomycin and one of the females came under the section of small bilateral lesions. The results are somewhat difficult to describe in detail, as in many instances catheterization of the ureters was impossible on account of the advanced bladder changes, and good excretory pyelograms were difficult to obtain because of the renal destruction.
Streptomycin cases.-2 of the 8 cases treated by streptomycin died before the urological condition was reinVestigated. One death was due to uraemia and occurred within three weeks of the start of the drug. It is impossible to blame the drug for precipitating death in this man with advanced renal disease as he had been in hospital for a long period with spinal tuberculosis and his condition had remained satisfactory until just before the streptomycin was started. Despite signs of deterioration it was decided to give him the possible benefits of treatment. The other death occurred in a man with advanced renal disease and his death was considered to be due to an intracranial tuberculoma with associated meningitis. This lesion manifested itself two weeks after the cessation of his treatment before follow-up examination was due and unfortunately a post-mortem examination was refused. The histological examination of the kidneys after 90 grammes of streptomycin might have been of value.
Excluding the 2 deaths and the 1 patient with small bilateral lesions, 5 cases remain to be considered. Of these 5, 4 had advanced bilateral ulcerocavernous disease of the kidneys and re-examination up to six months after the end of the course did not reveal any obvious changes. The remaining patient, a female, had been under observation for some months before being admitted to the investigation. She suffered from a slight cystitis and had cavitation in the lower segment of the right kidney and a moth-eaten appearance of the upper calyx on the left side. One month after treatment, the bladder and left kidney urines were still positive for tubercle bacilli but three months afterwards all separate specimens were negative. The negative results were all confirmed at four and five monthly intervals after the streptomycin and the bladder were found to be normal.
The patient in Group SB was a woman who on examination was found to have a dull lustreless bladder mucosa with a bladder capacity of 15 oz. Retrograde pyelography showed small lesions in both kidneys and the bladder, right and left kidney specimens all contained tubercle bacilli. One month after streptomycin, the bladder capacity was 20 oz. and all separate urinary specimens were negative. The examination was repeated four months later when again all the specimens proved negative.
Control cases.-Control cases in this group numbered 6 with major lesions and 2 with small lesions. Of the 6 with advanced disease, 2 died within a short time of the start of the investigation, 1 of urxmia and the other of cerebral hxmorrhage: The remaining 4 all had severe cystitis with advanced renal disease. Re-examination four months to one year after admission showed that the renal disease was unchanged, the cystitis not improved and the urine still contained abundant tubercle bacilli.
The 2 patients with minor lesions were both re-examined up to a year after the start of the period of observation. The bladder mucosa, normal when first seen, was still free of disease at the end of a year. The retrograde pyelograms of one showed no alteration but several kidney specimens were all found to contain tubercle bacilli, while the retrograde pyelograms of the other showed lesions in both kidneys which had deteriorated and all separate specimens of urine were still positive to tubercle bacilli. These results are summarized in Tables V, VI and VII. Again in this type of case, with obvious bilateral renal tuberculosis, the prognosis does not appear to have altered with the introduction of streptomycin. One case, which has been mentioned before, is worth demonstrating. The outlook in this girl has improved with streptomycin but continued observation is still necessary. It is noteworthy that the bilateral renal lesions in this patient were less advanced than those of the remaining patients in Group 5A. 
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Section of Urology 461 specimens of urine from both kidneys were found on animal inoculation to contain tubercle bacilli. She was transferred to Robroyston Hospital at the end of May 1949. Examination there showed a slight degree of cystitis with bladder discomfort occurring with a content of 14 oz. Excretion and retrograde pyelography showed clubbing of all the calyces on the right side with constriction of the uretero-pelvic junction. On the left side the upper segment had a moth-eaten appearance with a constriction at its opening into the pelvis (Fig. 6) . The X-ray and bacteriological findings confirmed a bilateral renal lesion but, in our opinion, there was no indication for removal of one kidney. A course of streptomycin was started on June 24 and completed on September 21, 1949. One month after treatment, cystoscopy was repeated. The vesical mucosa now appeared normal and the bladder and separate kidney specimens were still positive for tubercle bacilli. Retrograde pyelograms were unchanged. Repeat urological examinations were carried out at two, four and six monthly intervals.
The bladder capacity was then 22 oz. and the mucosa normal. Specimens of urine from the bladder, right and left kidneys were all negative. Retrograde' pyelography showed that the lower segment on the right side was partly shut off in the earlier examinations but in the latest picture the lower segment was again open. On the left side there was an infundibular constriction to the upper calyx which had a moth-eaten appearance ( Figs. 7 and 8) .
This case has benefited from streptomycin but the observation period is too short to reach a definite conclusion. Vestibular function was unimpaired.
In patients with small bilateral lesions the outlook may be improved with streptomycin therapy. The following case seems to be an example of this.
Mrs. A. B., female, aged 32. Group 5b.
Examined in March 1949, she was found to have bilateral renal tuberculosis with a moth-eaten appearance of the upper calyces on the right side and clubbing of the terminal calyces of the upper group on the left side. The whole bladder mucosa was dull and lustreless with a capacity of 15 oz. without anxesthesia.
She was placed in Group 5B and streptomycin was started on June 24 and stopped on September 21.
Examinations one and four months after streptomycin demonstrated that the bladder capacity was over 20 oz. and all separate urinary specimens were negative for tubercle bacilli. Retrograde pyelograms were still abnormal but showed an improvement. Her general condition was greatly improved but there was marked vestibular dysfunction.
Summing up the results in Group 5, it is obvious that streptomycin cannot be expected to heal advanced lesions in a structure so highly organized as renal tissue. It seems reasonable to suggest that where lesions are so small that they could be replaced by fibrous tissue, as in Group SB, streptomycin is not only justifiable but imperative when one remembers that this is a bilateral condition. This would also apply to patients with tubercle bacilluria.
CONCLUSIONS
The mode of this investigation was planned with the deliberate intention of eliciting all possible information of an objective character about the effect of streptomycin on the urinary tract infected by tuberculosis. As was mentioned at the outset of our communication the investigation continues and is likely to do so over a period of years. We consider, however, that as a result of our 15 months' experience, the following preliminary observations can be offered.
The treatment has no effect on an established caseocavernous renal lesion. This is not surprising for in spite of the high elimination of streptomycin by the kidney, a blood-borne therapeutic agent must, for the most part, be excluded from such an avascular focus. By encouraging fibrosis and consequent constriction there is a possibility that the focus, though itself remaining active, may become shut off. A regression of the constriction, however, can occur. Streptomycin therapy cannot therefore be recommended to supplant surgery and in clinical unilateral renal tuberculosis the diseased kidney should be removed.
We do not advise its automatic employment in all cases unsuitable for surgery. Thus when there is an advanced bilateral renal lesion or an advanced lesion in a solitary kidney, no improvement in the kidney lesion can be anticipated and vesical contracture may be accelerated.
From our experience with Group 2 cases, we consider streptomycin may prove beneficial as an additional therapeutic measure, possibly before as well as after surgery. Accepting Medlar's claim that in renal tuberculosis both kidneys at the outset are involved by minimal lesions, then after nephrectomy for a unilateral clinical lesion, streptomycin should diminish the risk of activation and development of the disease in the apparently healthy kidney.
This statement is given with reservation, however, for in Group 1 cases the contralateral kidney became tubercle positive in 3 out of 7 treated cases whilst this occurred in only 2 out of the 8 controls.
Streptomycin does have a definite beneficial effect on secondary tuberculous cystitis but this would appear to be relative to the presence and degree of disease in the upper urinary tract. Thus in our Group 2 cases, that is those with a unilateral renal lesion who have been nephrectomized, cystitis has cleared and the urine has become tubercle negative in an appreciably larger number of streptomycin treated cases than has occurred with the controls.
With group 5 cases, however, consisting chiefly of patients with well-established bilateral disease, no beneficial effect on the bladder resulted. In the few cases of Group 5 in whom the bilateral lesions were minimal, the effect of streptomycin on the bladder has been good. It will be evident from the results we have so far obtained in this controlled trial, that the administration of streptomycin to those suffering from urinary tuberculosis is not an alternative to prolonged sanatorium care or to nephrectomy when the renal lesion is a unilateral one. Employed as an additional therapeutic measure, however, streptomycin may enhance a patient's chances of recovery.
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The President said that in tuberculosis of the urinary tract the assessment of the effects of treatment and the comparison of one method with another was extremely difficult because the cases which one att-empted to control were encumbered by so many variable factors.
He was a little disturbed concerning the suggestion that the intravenous pyelogram might not be good enough for diagnostic purposes. Most members had had the privilege of working in institutions outside their main teaching hospitals, and in some the radiological work was not of the standard found in the large general hospitals. Thus intravenous pyelography might sometimes prove unsatisfactory.
However, retrograde pyelography was not necessary in every case, and he deprecated the impression that it was necessary to make a retrograde pyelogram as a routine. The stereoscopic X-ray method with intravenous pyelography was worth while in cases in which the pyelograms were difficult to interpret.
One point of fundamental importance in this work was the relationship of the renal lesion to the general condition of the patient. He believed that cases needed in the first instance to be segregated into two big groups. The first group would consist of patients who had advanced, established, and progressive tuberculous lesions somewhere else-in other words, the sanatorium population-and who in the course of their illness developed renal lesions. These patients had a renal lesion as an incident in an infection which was likely to end fatally whatever was done for them.
The other group was that familiar to the ordinary out-patient department in the general hospital. These were people who came up complaining of increased frequency of micturition, and in whom tuberculous lesions of the urinary tract without gross disease elsewhere were discovered. Such patients might be expected to get perfectly well after suitable treatment. It was essential to clear the ground at the beginning by dividing the patients into those two groups.
With regard to the openers' statement that their patients had had the kidney removed but not the ureter, he asked why the more complete operation was not favoured, and how many such patients developed breaking down wounds subsequently.
He also asked in how many cases of patients in whom a tuberculous infection had returned after streptomycin treatment, the organisms had become resistant to streptomycin, and in how many the organisms were still sensitive.
Mr. E. W. Riches said that he considered the following cases were suitable for streptomycin:-(1) Bilateral cases after nephrectomy on the worse side. The fact that tubercle bacilli had already been discovered on the relatively good side was not always a contra-indication to operation.
(2) Residual bladder lesions after nephrectomy.
(3) Cases with bladder lesions and a positive urine, but with no demonstrable renal lesion, or cases in which there was a doubt about the side of the renal lesion.
He asked about the post-operative prophylactic use of streptomycin in unilateral cases. If given it should be in a full course.
He had treated 16 cases, eleven of whom had been treated about a year or more ago. 10 of these were alive; the eleventh had miliary tuberculosis. In all these 10 cases there had been symptomatic improvement, but repeated search often revealed tubercle bacilli. A boy of 15 with a bilateral infection underwent nephro-ureterectomy and was given 50 grammes of streptomycin and 50 c.c. of moogrol. After six months twenty-four-hour specimens of his urine were taken; the first four specimens were all negative, but the fifth was positive.
Guinea-pig inoculation and culture entailed a lot of extra work for the bacteriologist but it was very necessary. It could not be said that a case was negative on the smear from a twenty-four-hour specimen alone. He had been interested in the question of the contraction of the bladder and the ureter and whether it would improve or worsen on streptomycin. In a man with bilateral disease, left nephro-ureterectomy was done two years ago and he was given 90 grammes of streptomycin. The pyelogram taken eighteen months later showed the kidney to be rather more dilated and the ureter rather more tortuous, while the bladder was slightly more contracted. He was getting a back pressure kidney and he ought to have a transplantation. He was unwilling to come up because he was doing a full day's work as a motor mechanic. He suffered from the inconvenience of having to get up twice or three times in the night, but otherwise he was able to lead a normal life. There had been one or two cases in which bladder capacity had increased. In one case after surgical treatment and streptomycin the bladder capacity for some time was only 5 oz., but had now increased to 16 oz., although the patient still had a positive urine.
There was one other point which must not be neglected, namely, the effect of streptomycin on the vestibular apparatus. After 50 grammes, many patients got vestibular symptoms, and they were very miserable, being giddy in the daytime, and totally unable to stand up in the dark. Eventually they improved but he did not think they got well. He thought they must not lose sight of the occurrence of this damage, because unless they could be sure of some definite improvement in the renal tuberculosis by the use of this drug, it was in many cases a contra-indication to its use.
Mr. M. F. Nicholls said that he had the advantage of being urological surgeon to a large orthopaedic hospital, and many of the cases he had to deal with came in the second group to which the President had referred. Renal tuberculosis came much more frequently from bone and joint tuberculosis than many people seemed to realize. Patients seemed to develop overt urinary tubercle when the bone and joint tubercle was on the way to healing. He had removed several kidneys after a full course of streptomycin, and the renal disease seemed to be unaffected by the drug.
He went on to describe one particular case. This was the case of a man whose spinal tuberculosis had virtually healed. He then developed frequency, and on cystoscopy was shown to have a minimal tuberculous ulceration of the bladder. The left ureteric orifice was diseased and would not admit a catheter. The right ureter was catheterized and proved tubercle-free. Owing to a technical fault in the X-ray installation, the ascending pyelogram could not be done. A course of streptomycin was started, and in a fortnight the bladder on further cystoscopy appeared entirely normal. Four months later, after the patient had had 50 grammes of streptomycin, he removed the left kidney which showed numerous pinhead lesions of the cortex, none of which encroached on the kidney pelvis or calyces which were normal. Histologically the tuberculosis was shown to be active in spite of the streptomycin.
Mr. D. S. Poole-Wilson said he had carried out streptomycin therapy on 14 cases. In 10 the treatment had been completed for some time and a tentative assessment of the results could be made. The dosage of streptomycin had been 0 5 gramme twelve-hourly for 120 days. As far as could be ascertained all the patients were free from active tuberculosis outside the urinary or genital tracts.
The patients fell into six categories:
(1) Bilateral renal tuberculosis with minimal but proven lesions in each kidney.
(2) Bilateral renal tuberculosis in which a major lesion on one side had been treated by nephroureterectomy and a small lesion is present in the remaining kidney.
(3) Unilateral renal tuberculosis-small lesions.
(4) Renal tuberculosis appearing in the remaining kidney after the other kidney and ureter had been removed for tuberculosis.
(5) Chronic tuberculous ulceration or cystitis persisting after removal of an infected kidney and ureter and in whom the remaining kidney appears healthy.
In connexion with this and the previous group the importance of nephro-ureterectomy in the treatment of renal tuberculosis was stressed. If a nephrectomy only is carried out a tuberculous ureteric stump may be left in situ and act as a focus for continued infection of the bladder. The presence of tubercle bacilli in the urine of such patients does not therefore necessarily indicate infection of the remaining kidney. In such cases removal of the infected ureteric stump may effect considerable improvement. (6) Tuberculous sinus formation following operations on tuberculous kidneys.
The single patient in this group was a young boy, whose right kidney was removed on account of gross tuberculous infection. His condition did not warrant full removal of the ureter, which was as thick as a little finger. The wound subsequently broke down completely and refused to heal. Eventually the remainder of the ureter was removed and streptomycin therapy commenced. Subsequent healing was rapid.
In assessing the effects of streptomycin therapy it was noted that whereas tubercle bacilli were present in all the urines prior to treatment, at the completion of the course 6 were free of tubercle bacilli and in 4 the organism still remained present. After a matter of months, 2 of the 6 tubercle-free patients reverted and again showed tubercle bacilli in their urine.
Treatment had finally to be stopped in 1 patient owing to a severe urticarial reaction. Vestibular symptoms were fairly severe. Some of the patients had a rather miserable time during the third and fourth months of treatment. During the early stages of treatment the patients were allowed out for short walks. By the third month some felt that they were not safe in going out alone and could not walk steadily in the dark; if blindfolded they could not maintain their standing balance.
Of the 9 cases receiving a full course of treatment, 5 showed marked clinical improvement. In 3 there was no appreciable change. From this small series it would appear that in about 40 to 50% of cases some clinical improvement will occur following streptomycin therapy. How long the improvement will be maintained is not known and some patients have paid a fairly heavy price in dizziness for the amelioration of their renal and vesical lesions.
Mr. Hugh Donovan said that he thought the paper to be a most important one, because it was an accurate and painstaking study of the effect of 1 gramme of streptomycin given daily over three months and because it showed that this dosage was quite inadequate. A report from the Veterans' Bureau (1949) had described some very encouraging results from 2 grammes of streptomycin given daily for four months. The speaker had found that 3 -2 grammes of streptomycin was too toxic, and following the principle of naval gunnery he estimated that 2 grammes a day would probably prove to be the correct dose. He drew attention to a recent address by Dr. Geddes, given in Birmingham, in which the effect of simultaneous administration of P.A.S. was described. It seemed that this drug prevented the tubercle bacilli becoming resistant to streptomycin. Mr. Donovan concluded by pointing out that it was generally held to be dangerous to do an ascending pyelogram on a tuberculous kidney, and asked whether this might not have been responsible for some of the relapses in Group 1 (7 cases) consisted of post-operative wound infections (Table II) . He showed a number of slides illustrating the beneficial effect of streptomycin in these cases. Some wounds were excised and sutured under an "umbrella" of streptomycin. Primary union occurred. In one case skin grafts were applied. The grafts took and consolidated while streptomycin controlled the infection. Epithelialization continued after stopping streptomycin.
Group 2 (5 cases) were unoperated cases. Two early unilateral renal cases appeared to benefit from streptomycin.
Group 3 (14 cases) were cases with cystitis persisting after nephrectomy. A beneficial effect was noted in 10 cases.
Group 4 (4 cases) consisted of cases complicated with open pulmonary tuberculosis. One of these cases was refused treatment because the chest lesion was of the type which was known to respond unfavourably to streptomycin.
In this series of 28 cases the dosage of streptomycin had ranged from 10-120 grammes (Table III) . The first case (cystitis persisting after nephro-ureterectomy) treated with streptomycin was given only 10 grammes. The effect was satisfactory.
Of the complications (Table IV) , hematuria occurred in two cases during treatment and was also noted later in a third case. A resistant strain of tubercle bacillus appeared in 4 cases-in 1 case in the fifth week, in 2 cases in the seventh week, and in the remaining case in the ninth week. It was impossible to tell by intravenous pyelography every time there was a lesion in the kidney. Many of the cases were very clear, but there were others which required retrograde pyelography to demonstrate a small focus. One authority had mentioned epididymitis as a possible symptom of renal tuberculosis, and often in these cases the renal lesion was small and difficult to localize. It was in the obscure case with slight indications that they wanted to find out whether streptomycin was of benefit.
In his experience, most of the sinuses following nephro-ureterectomy were related to the abdominal wound and he wondered whether the removal of both kidney and ureter was not responsible for more complications. Mr. Band had remarked that this was a controlled investigation. They had tried to treat the controlled case exactly the same as the one treated with streptomycin apart from the drug. The rise in the resistance was very important and he heartily agreed with one of the speakers who had mentioned a case of advanced pulmonary disease with a hopeless prognosis. They would also withhold streptomacin in that case. There was no case in this series with cavitation in the lungs.
As to the dangers of streptomycin, his patients were in bed for at least three months. He was surprised when Mr. Riches spoke of a definite improvement of vestibular damage within a year as he did not know there could be a recovery. If these patients were examined he thought it would be ound that unsteadiness did persist. This investigation was undertaken under very strict rules: 90 grammes was the maximum dose to be given and no allowance was made for repeating the course. There was freedom of action after the observation period was over. Their dose of PAS was higher than had been mentioned in the discussion. They were giving 12 grammes a day but it was too early to give results.
Mr. Arthur Jacobs, also in reply, said that for routine investigation of the urinary tract in tuberculosis they were satisfied with intravenous pyelography followl ed by ureteric catheterization and the collection of urine from the apparently healthy kidney to confirmn that it was uninfected. But for the purpose of this investigation it had been felt that retrograde pyelograms would be required to portray changes taking place in a renal lesion. The employment of both methods in every case had confirmed this opinion, particularly for the delineation of the smaller foci. Contrary to what had been suggested by Professor Wells and to what is frequently stated, they were unaware of any evil sequels following retrograde pyelography in renal tuberculosis. He considered it was not without significance that not one of the discussants had attempted to demonstrate to the Meeting the progress of a lesion under treatment, by showing excretory pyelograms.
With regard to the question of nephro-ureterectomy rather than nephrectomy being the operation of choice, Mr. Jacobs indicated that the experience at Robroyston had been that nephrectomy alone was followed by a lower incidence of post-operative sinus formation than nephro-ureterectomy and that removing the complete ureter did not ensure resolution of a secondary cystitis. They had been rather disappointed with the effect of streptomycin on the bladder for although it might hasten a resolution of the secondary cystitis and even heal an area of ulceration the fibrosis associated with the healing process could result in a progressive contracture. Once this occurred it was irreversible and several cases in the series had, in consequence, required ureteric transplantation.
Concerning dosage it had been suggested that a larger amount than a gramme a day might be given and that the course should be longer than ninety days as in some of the trials reported from the U.S.A. He had, however, noticed in the more recent American literature a tendency to diminish the amounts, approximately to that used at Robroyston.
Finally in answer to Mr. Band he stated that in his opinion a sanatorium regime combined with nephrectomy when the disease was unilateral was still the most important method of treatment for renal tuberculosis. Streptomycin could be helpful but it had its limitations and might be dangerous. The equivocal results of the drug when given for renal tuberculosis were the justification for continuing the investigation as a controlled one and not giving streptomycin indiscriminately to every sufferer with a tubercle-positive urine. He hoped by this method that it would finally be possible to select the patients likely to benefit from the treatment and eliminate those whose condition might be worsened.
The President said that it was wise to avoid retrograde catheterization if possible, because of the undoubted, though admittedly small, risk of spreading infection. Everyone knew that if one took a patient with a septic infection and did a cystoscopy, a rigor might follow, and one visualized organisms in the blood stream with a constitutional disturbance. The same notion had to be entertained in the case of tuberculous infections.
When an intravenous pyelogram was necessary to clear up some doubtful point then the best moment to make it was when the patient walked into hospital. When patients had been in bed for a considerable period difficulties due to gas were greatly increased. Such inevitable difficulties were especially likely to arise in patients suffering from tuberculosis and confined to bed. He had himself had the privilege of working for many years in an institution devoted to the treatment of non-pulmonary tuberculosis and appreciated to the full the peculiar difficulties in this type of case.
